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IMPORTANT LOSS MECHANISMS IN
HIGH-EFFICIENCY SOLAR CELLS

C.T. SAH ASSOCIATES

g C. Tang Sah

Study of Material Properties and High-Efficiency
Solar-Cell Performance on Material Composition

TASKS

(1) Impurity and Defect Levels
Limiting High Efficiency

B et e i Tyt r—

-8 Cells
‘! e New CVCT - one p/n diode.
" e Ti, Zn, Au, others.
4
; (2) Computer Model - Exact
: e Matured - 1978.

Including All Recombina-

tion Mechanisms and AE..

e Applied - TR.l—5(78-81§
- TR.1 (83)

(3) Funaarental Limitations
on Hign Efficiency Cells.
e Mcechanisms
o < 20% Cells.
¢ > 20% Cells.

e Ultimate Cells.
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Outline

(1) RECOMBINATION LOSS MECHANISMS
(2) HIGH EFPICIENCY CELLS (<20%)
(1) VERY HIGH EFFICIENCY CELLS (>20%)

(4) ULTRA HIGH EFFICIENCY CELLS (-25%)

Recombination Loss Mechanisms

¢ INTRINSIC - Interband

¢ Auger 25%
# Radiative 25%

® EXTRINSIC - Band-Bound
¢ Impurities
# Defects
# Damages
® LOCATIONS
# Bulk

# Interfaces
¢ Perimeters
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HIGH-EFFICIENCY SILICON SOLAR CELL RESEARCH

Performance Parameters of Very-High-Efficiency
Ideal Diode Silicon Solar Celis (AM1 or AM1.5, 24°C)

source| 1 Jsc {Voc| FF | EFF
(A) (uA) | (@V) x)
Theory | 2.0x1072% | 36.0 | 840 | 0.8664 | 26.0
Thecry | 2.0x1071% | 36.0 | 780 | 0.8588 | 24.0
Theory | 2.0x1072 | 36.0 | 720 { 0.8501 | 22.0

Theory | 2.6x10723 | 36.0 | 660 | ¢.8402 { 20.0

SOLAR CELL EQUATIONS

V
T=3-T(eM-) RADw
—SRH+—

~Jy(eH-1) ave #

~Jnfetini). SRt
o

—— CAN BE
ELIMINATED
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- HIGH-EFFIC!{ENCY SILICON SOLAR CELL RESEARCH

o

(1) RECOMBIMATION LGSS MECHANISMS
(2) HIGH EFFICIENCY CELLS (-20%)

“® BASE RECOMBINATION DOMINATED PERFORMANCE

® CELL PERFORMANCE DATA AND BASE KECOMBINATION L0OS35 THE”RY

(Anslyzed by author er/and Sah)

SOURCE CELL RHO THICK Lb TAU JSZ vOC
(author) 1(PE  ohm-ce (um) {(um) (us) (@A) (mV)
[(IXAXITITTTY SEBBURS QUCERE GRERN DAOR Souad s00t Beae
Green (4 0.2 170 36.0 662
Gireen  Exp M/T/N/P 0.2 280 20 36.0 653
Spitzer Cal 0.3 i3 36.2 627
Spitzer Exp N+/P/Ps 0.3 38U 153 36.¢ 622
Rohatgi Cal 4.0 23 3%.9 605
Ronatgi Exp Ne+/P/Pe 4.0 150 21 35.9 62%
ASFC Cal
ASER Exp N</P W75 620
ASFC MuxExp Ne/p 3».8% 623

FF EFFS  Leff
A (cu/s)

SBLES0 GOSN ravORE

d.840 19.7 8sn

0 A1 39,1

0.834 18.8 1100

0.801 18.0

0.830 18.2 650

0.786 17.1

0.793 17.1

0.799 171

® EASE DIFFUSION LENGTH AND BSF SURF/?“L RECOMBLIRATION

VELOCITY OATA

S0UPCE TYPE RHO TBASE LB TAU SRV
SOGELAUENES URROBYE SRING SFURE SNASE SNCEv DIEPNESN
Neugroschal M+/2/P+ 10 227 k50 (60) 105
Neugroschel N«/P/Fs+ 14 92 600 (363) 189
keug' oschel Ne/2/Ps+ 1.5 226 600 (136) 380
Neugroachel P.,/K/Ke 1.0 320 5n3 (<00} 80
Computed-Sah Pe/N/N+ 0.6 S0 320 39 (128)eff
Grean M/1/N/P 0.2 280 (170) 20 (850)erf
Spitrer Ne/P/Pe 0.3 380 150 (13 (1100)aff
Rohatgt Ne/F/Ps .2 150 263 (23) (652)efr
ASEC N+/P

JSC  VOC EFFS
saeed ene toes
38 6.7 -
19* 605 -
36.0 660 23.0
36.0 655 19.1
36.2 622 18.0
35.5 603 17.1)
3n.8 620 17.1

Logend: Dim.nafons: RHO(oham-ca); TBASE, LB(microna): TAU(mfcrosec.);

SRV(ca/s}; JSC(mAscm“2); VOC(mV); Values in (

) are somputs.

( Jeff is the e"fect‘ve valua to give tur J1. All at AMV.5

sxcept ® at AMO.

(1) RECOMBIANTION LOSS MECHANISHS
(2) HIGH EFFICIENCY ZELLS (<20%)

(3) VERY HIG.I EFFICIENCY CELLS (>20%)
® BASE RECOMBINATION ELTMINATED

¢ REPUCE BULK RECOMBINATION
s High Base Lifetime
= Low Defects (Flost-2one;
s Low Residual Iapurities (FZ)

# FEDUCE BACK SURFACE RECOMINA-
TION LOSS

Thi- Epitaxial Base.

Grade? Pase.

Back Surf.ce Fleld.

Oxtdized Back Surface.

Interdigit«G dack Contact.

Doped-d ffused Back Contact.

3
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HIGH-El FICIENCY SILICON SOLAR CELL RESEARCH

(1) RECOMBINATION LOSS MECHANISMS
{2) KHIGH EFFICIENC CELLS (<20%)

(3) VERY HIGH EFFIZIEMCY CELLS (.20%)

Ty
¢ ® BASE RECOMBINAT.ON ELIMINATED
s #® PMITTER TECOMBINATION LIMITING
- {Data yet t- be obtained.)
4 4 BULK EMTTTER
, = huger (HL Dop Effect)
% = SRH (with EGN Hi Dop Effect)

n Residual Impurity Centers

4 o Point-Pair Defects (Hi Dop)

. z Gross Defect (Hi Dop Effect)
o Grain Boundary

N o Dislocation
o Lattice Faults
x o Diffusion Piper
# EMITTER/OXIDE INTERFAZE

= Interface States Monitoring
o D035 by MOS HFCV (Terman's)
o SRY by SCD DCIV (:oaler's)
= Interface States Reduction
o U.y/Low-Temp Oxide
o nydrogen Passiv_tion (Stahle?)

[

EMITTER/CONTACT INTERFACE
= M/I/P Tunnelin; Oxide
(Green)

z Polysilicon Emitte.-
(Ning-Isaac-Neugroschel)

FloatiLg Emitter Transisto-~

~ (TI & JPL/Cheng-Sah)

o Ep‘taxial Base/Front-Back
Contacts.

o All Back Contacts.

Lty
1y,
vy vy

I
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Summary

5 (1) RECOMBINATION '.J.S MECHANIZS

% Res.dual Impurities.

® fattice Defects.

¢ Interface States.

® Interbatd Auger & Radiative.

(2) HIGH EFFICIENCY CELLS (<2C%)

* J1 > 2.0E-13 A’/cm"2
® Back Surface Recombination.
#% Base Recomcination LIMITINC.

(3) VERY HIGH EFFICIENCY CELLS (>20%)

® Jt < 2.0E-13 A/em"2

® Eliminate Basc Recombination.

® Eliminate Zac Surface & BSF
Layer Recomhianticon Losses.

®* Emitter Recombination LIMITI%G.

‘4 ULTRA HIGH E™ [CLENCY CELLS ("25%)

J1 < 1.0E~16 A/cu"?2
Elininate All Extrinsic

. Recombination Losses.

i o Residual Ir "irities.

o 1ttice Defec.a.
Elimiinate Perimete- Dama,eo.
Design away Auger Exjtter
Recizbiantion.

T.terdand Auger and Radiative
in da:e LIMITING.
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